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Introduction 
3DVWXUHV RI%UDFKLDULD KXPLGLFROD DUH EURDGO\ XVHG LQ
%UD]LO HVSHFLDOO\ LQ VRLOV ZLWK ORZ IHUWLOLW\ DQG SRRU
GUDLQDJH 9DOOH HW DO  &XUUHQWO\  FXOWLYDUV DUH
FRPPHUFLDOO\ DYDLODEOH 7XOO\ /ODQHUR DQG %56 7XSL
DYDLODEOHVLQFH'HVSLWHWKHH[WHQVLYHXVHRIWKLV
VSHFLHV UHVHDUFK KDV IRFXVHG SULPDULO\ RQ DVSHFWV UH
ODWHGWRKHUEDJHDQGDQLPDOSURGXFWLRQZKLOHRQO\DIHZ
VWXGLHV DLPHG DW XQGHUVWDQGLQJ PRUSKRORJLFDO DGDSWD
WLRQV RI WKH SODQWVZKHQ VXEMHFWHG WR JUD]LQJ DQG FRQ
WUDVWLQJHQYLURQPHQWDOFRQGLWLRQV7KHUHIRUHWKHDLPRI
WKLVZRUNZDVWRHYDOXDWHVRPHPRUSKRORJLFDOWUDLWVRI
%KXPLGLFRODFXOWLYDUVZKHQFRQWLQXRXVO\VWRFNHGGXU
LQJVHDVRQVRIWKH\HDU
Methods 
7KHH[SHULPHQWZDVFDUULHGRXW DW WKH(0%5$3$1D
WLRQDO %HHI &DWWOH 5HVHDUFK &HQWHU LQ &DPSR*UDQGH
06%UD]LO¶6¶:PDVOIURP-DQX
DU\ WR 'HFHPEHU  7KH FOLPDWH DFFRUGLQJ WR WKH
.|SSHQ*HLJHUFODVVLILFDWLRQLVUDLQ\WURSLFDOVDYDQQD
VXEW\SH$Z7KHVRLORIWKHH[SHULPHQWDODUHDLVFODVVL
ILHGDVDQ2[LVROUHGFOD\HGODWRVROZLWKSRRUGUDLQDJH
DQGVXEMHFWWRWHPSRUDU\IORRGLQJ3DVWXUHVRI%UDFKL
DULD KXPLGLFROD FXOWLYDUV %56 7XSL DQG 7XOO\ ZHUH
HVWDEOLVKHGLQHDUO\DQGVLQFHZHUHIHUWLOL]HG
DQQXDOO\ZLWK  NJ 32KD  NJ.2KD DQG  NJ
1KD 7KH H[SHULPHQWDO DUHD FRPSULVHG  KD GLYLGHG
LQWRSDGGRFNVRIKD1HORUHVWHHUVZHUHXVHGZLWK
DQ DYHUDJH OLYH ZHLJKW RI  NJ 7UHDWPHQWV

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&RUUHVSRQGHQFH5RGULJR$%DUERVD (PEUDSD*DGRGH&RUWH$YH
QLGD5iGLR0DLDí=RQD5XUDO&DPSR*UDQGH&(3
06%UD]LO
(PDLOURGULJREDUERVD#HPEUDSDEU
FRQVLVWHGRI WKHFXOWLYDUVDVVLJQHG LQDFRPSOHWH UDQ
GRPL]HGEORFNGHVLJQZLWKUHSOLFDWLRQV7KHDUHDZDV
FRQWLQXRXVO\VWRFNHGZLWKVWRFNLQJUDWHDGMXVWHGLQRUGHU
WRPDLQWDLQDUHODWLYHO\FRQVWDQWVZDUGKHLJKWRIFP
WKURXJKRXW WKH \HDU 6ZDUG KHLJKW ZDV PRQLWRUHG
ZHHNO\DWSRLQWVSHUH[SHULPHQWDOXQLWXVLQJDVZDUG
VWLFN %DUWKUDP  0RUSKRJHQHWLF DQG VWUXFWXUDO
WUDLWVZHUHDVVHVVHGRQPDUNHGWLOOHUVSHUH[SHULPHQ
WDO XQLW 7KH IROORZLQJ YDULDEOHV ZHUHPHDVXUHG SK\O
ORFKURQOHDIODPLQDOHQJWKDQGOHDIOLIHVSDQ$WWKHHQG
RI HDFK F\FOH RI GDWD FROOHFWLRQ RQ DYHUDJH ZHHNV
QHZ WLOOHUVZHUHPDUNHG'DWDZHUHJURXSHGE\ VHDVRQ
RI WKH \HDU GU\ DQG UDLQ\ VHDVRQV DQG DQDO\]HG E\ D
PDWKHPDWLFDOPRGHO ZKHUH FXOWLYDUV DQG VHDVRQVZHUH
FRQVLGHUHG IL[HG HIIHFWV DQG WKH LQWHUDFWLRQV EHWZHHQ
WKHPDQGEORFNVDVUDQGRPHIIHFWV$OOVWDWLVWLFDODQDO\
VHVZHUHSHUIRUPHGE\WKHPHWKRGRIOHDVWVTXDUHVXVLQJ
WKH*HQHUDO/LQHDU0RGHORI6$66$6,QVWLWXWH
0HDQVZHUHFRPSDUHGXVLQJDVLJQLILFDQFHOHYHORI

Results and Discussion 
&DQRS\KHLJKWVUHPDLQHGUHODWLYHO\FRQVWDQWWKURXJKRXW
WKH\HDUDQGZLWKLQWKHWDUJHWVIRUERWKFXOWLYDUV'XULQJ
WKH GU\ VHDVRQ DYHUDJH VZDUG KHLJKWVZHUH   
FPDQGFPIRU7XOO\DQG%567XSL UHVSHF
WLYHO\ GXULQJ WKH UDLQ\ VHDVRQ WKH YDOXHVZHUH  
FPIRU7XOO\DQGFPIRU%567XSL7KH
QXPEHU RI JUHHQ OHDYHV SHU WLOOHU 1*/ 
OHDYHVWLOOHUZDVQRWDIIHFWHGE\VHDVRQRIWKH\HDUEXW
7XOO\KDGPRUHJUHHQOHDYHVWKDQ%567XSLYV
OHDYHVWLOOHU7KH1*/VHHPVWREHDJHQRW\SLFFRQVWDQW
/HPDLUH DQG &KDSPDQ  DQG PD\ YDU\ EHWZHHQ
VSHFLHVDQGHYHQDPRQJFXOWLYDUV7KLVFKDUDFWHULVWLF LV
UHODWHGWROHDIOLIHVSDQ//6H[SUHVVHGE\WKHQXPEHURI
LQWHUYDOVRI OHDIDSSHDUDQFH7KXV WKHJUHDWHU1*/IRU
7XOO\FDQEHDWWULEXWHGWRWKHKLJKHU//6PDLQO\GXULQJ
5$%DUERVD31&$PDUDO$)6EULVVLDDQG77&DPDUD


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WKH GU\ VHDVRQ 7DEOH 0RUHRYHU //6ZDV FRQVWDQW
IRU%567XSLEHWZHHQVHDVRQVDSSDUHQWO\DQDGDSWDWLRQ
WR SURGXFH WKH VDPH DPRXQW RI OHDYHV LQ D JLYHQ WLPH
$FFRUGLQJWR5REVRQWKHUHDUHVHYHUDOVWUDWHJLHV
IRU SURGXFLQJ WKH VDPH TXDQWLW\ RI OHDYHV LQFOXGLQJ
YDULDWLRQV LQ UDWHV RI DSSHDUDQFH DQG HORQJDWLRQ RI
OHDYHVDQGGXUDWLRQRI WKHHORQJDWLRQSHULRG7KHSK\O
ORFKURQ VKRZHG WKH VDPH SDWWHUQ DV //6 LH SK\O
ORFKURQYDOXHVIRU%567XSLZHUHFRQVWDQWEHWZHHQVHD
VRQV ZKLOH 7XOO\ GLVSOD\HG KLJKHU YDOXHV IRU SK\O
ORFKURQGXULQJ WKHGU\SHULRG7DEOH7KHYDOXHVIRU
SK\OORFKURQIRU%567XSLDQG7XOO\ZHUHVLPLODUGXULQJ
WKH UDLQ\ VHDVRQ EXW 7XOO\ KDG ORZHU YDOXHV WKDQ%56
7XSLGXULQJWKHGU\SHULRG
Table 1.  /HDIOLIHVSDQSK\OORFKURQDQGILQDOODPLQDOHDIOHQJWKIRU%UDFKLDULDKXPLGLFRODFXOWLYDUVFRQWLQXRXVO\JUD]HGLQ
VHDVRQVRIWKH\HDU

6HDVRQRIWKH
\HDU
/HDIOLIHVSDQGD\V 3K\OORFKURQGD\VOHDI /HDIODPLQDOHQJWKFP 
&XOWLYDUV 
%56
7XSL 7XOO\
%56
7XSL 7XOO\
%56
7XSL 7XOO\
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0HDQVZLWKLQFROXPQVIROORZHGE\WKHVDPHXSSHUFDVHOHWWHUVRULQURZVIROORZHGE\WKHVDPHORZHUFDVHOHWWHUVGRQRWGLIIHU
3!9DOXHVLQSDUHQWKHVLVFRUUHVSRQGWRVWDQGDUGHUURURIWKHPHDQ

$QRWKHULQWHUHVWLQJUHVXOWFRQFHUQHGWKHILQDOOHDIODP
LQD OHQJWK )//)RU7XOO\)// UHGXFHGRQO\ VOLJKWO\
IURPZHW WRGU\VHDVRQZKLOH IRU%567XSL WKHUHGXF
WLRQZDVDURXQG7KLVSDWWHUQLQGLFDWHVWKDWWKHFXO
WLYDUVSUHVHQWGLIIHUHQW VWUDWHJLHV WRDGDSW WRFKDQJHV LQ
WKHHQYLURQPHQW%567XSLVHHPVPXFKPRUHHIIHFWLYH
DW XVLQJ DYDLODEOH UHVRXUFHV WR H[SDQG OHDYHV UDSLGO\
ZKHQ JURZLQJ XQGHU QRQOLPLWLQJ FRQGLWLRQV ZKLOH
7XOO\VHHPVWRKDYHDPRUHFRQVHUYDWLYHVWUDWHJ\EHLQJ
DEOHWRWROHUDWHDPRUHOLPLWLQJHQYLURQPHQW,QWKLVZD\
LW VHHPV WKDW%567XSL FRXOG DGDSW EHWWHU WR IHUWLOH RU
IORRGHG VRLOV ZLWK QR H[WUHPH GU\ SHULRG ZKLOH 7XOO\
FRXOG WROHUDWH LQIHUWLOH VRLOV DQG D PRUH SURORQJHG
GURXJKWSHULRG
Conclusion 
'LIIHUHQWFXOWLYDUVRI%UDFKLDULDKXPLGLFRODSUHVHQWGLI
IHUHQW SDWWHUQV RI DGDSWDWLRQ WR WKH HQYLURQPHQW 6LQFH
%567XSLLVPRUHHIIHFWLYHDWXVLQJDYDLODEOHUHVRXUFHV
WR JURZ IDVWHU LQ QRQOLPLWLQJ FRQGLWLRQV DQG 7XOO\ LV
PRUHWROHUDQWRISRRUVRLOIHUWLOLW\DQGSURORQJHGGURXJKW
SHULRGV IDUPHUVFDQFKRRVH WKHDSSURSULDWHFXOWLYDU IRU
WKHLUSDUWLFXODUFLUFXPVWDQFHV

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